
 

!!"#!!!

!

" !"#$%&'()*+*,-. #$/012+*3% 456789%

%

!"#$%&'()*+,-./01123456%'78!

!

:;% <=>%?% @A>BC% DE>+F% GH!

!

+I+)+)J()KLM% &NOP()QR% &'S)()TU!

V565-0871% +IWX?YZ?[ 2-1 

E-mail: takashi_imagawa@bio.eng.osaka-u.ac.jp 

Home Page:!http://www.bio.eng.osaka-u.ac.jp/be/ 

!

9:;<=>?*@AB,CDEFGHIJKLM2&N:OPQRSTU,VWXPQRSYZ[

\[]*^L_`'\abcdeTZfg'*2&hiEjklm,=HnTo,MpZqrsTt

uvw5xlLyz{|bPQRSHIJ}~E�pJL,��5��TZ��2&'!"TY��

Hl>bL��b��H��n��mHb�JZ�5��Y��*j�TL,HY�L�L���5

�.�PTYVWXPQRS5���E� lm,¡¢Z£!"#$%&¤H¥¦§M¨Mb:©F

G�Kª«E¬­B,HH®*Z¯)EKLMX0°±0²T52&N:O*³´IJL,�¯µ¶

TYZ-./01H CoA�?Z·�b:©�¸5¹º©Hb,»R¼. CoAE:O{|b-./0

11234*½~IZ!"#$%&'b()EKLM¯3456%'¾78*¿ÀÁ�Â� 

!

1. YÃp*! Ä!"#$%&HYÄ 

&\]^_`abcdeS)f&ghij8klm

nophij8qrstuvwxyz{|}~a�d

��m� 

� ����v����|��xk�_`���!

� &'y������a�cdr���64ky�

��_`���!

� _`}� �¡¢£¤v¥d¡&g'¦§���!

¨ ©ª>.\}�u_`y]^���kl«S)]

^kq¬m­®�¯°|�±S²'y&g���!

w³y­®´µrnophij8qr&g¶84y·

¸¹º»¼½y¾¸|¿v�|�m�À��|S)f

&ghij8klm®ÁÂz{�$%&rÃybcÄCqr

ÅfgÆ¹s©yÇÈfÉÊ\&g|¿ËÌuklm

y�ÍÎklm�nophij8vÏÐm&\]^y

bcÑÒqrÓÔÕÖa×cØmÙ²®Ú&'Û\Ã

y�yac�mÙ²yÜ�v+ÝkÞm�ßàkqÕ

ÖyÓÔv�+|áÊ�´´«râàkqãg'y&

gaäåØmeævçè|éêåë�ìí®|m|¿

yîïa�d�Ï«r­ðµ�gÆbcyeæy+Þ

|ñò®|ó��m�sôrõöy÷øùhkqrÕ

ÖaÓÔúûrüý|_`åëyþkrÿu&g'a

!"uv&gØm­®�kÞm#e|&\]^bc$

%y&'v(«)þr%*a+²,��()-®./

Ðr01unophij82y3`aÿ4d��m$'&�!

+²,��()-kqr56 Ú&'|¿v78Ø

m96 ÕÖ:;<a+=Û|¿yÉ� Ú&'k'

Í>úrÛ\a (#?@Ak6BCvDdeârEFÛ

\Ãy�ya96 ÕÖGHIùø®d�×cØm)J

%*�Ñ¤KLây:;<)LÂÉ� Ú&'a¡��

�v>µØ­®vz«rMN78ÕÖyO®P¿qQ

 d�R�Ømeærã_`�äåkÞr>µvST

UyVWSvX{£¤>&g'>YÕÖ|¿ySTU

Z[ y\³rEFÛ\klmeæ]^¹_`|¿y

!

J 1. 96 ÕÖGHIùøyaÔ* 



 

!!"#!!!

!

"#$%&'()*+,-$.,./01234567

89:;<=>?@AB)C.6D,EFGHI69

J:KLMNOPQR-9"S=>?@ABTUVW

X)YZN[\]^_6D,NOP`abcdeNf

g$hijk)YlNmnopq6D,EHr6$s

%&7!

 

2.! !"#$%&''()*+,-./0 
qHNtu=vXWwHx:]yhiz{aLMN

O6|}~����=��,:D5)C.9vX�W

��4��=���deNy�-�.6[3]7]yhiz

{=�C@)�J6Nx:KMNOPdeFG$bc

=~op��w)���_6D,E�+,$67�D

HK��Hx:���=f�debHI6�X�p�

)d��N�.��u$bc= ¡�,$6�¢£X

CoA N¤¥q6�X�p��¦§¨N©`-:]yh

iz{NO6Kjk=ªza«��N¬P[­®7d

��N�.��X�p��4�¢£X CoA¯=¤¥x

pyruvate dehydrogenase (PDH) "]�NOP°±�56

E:PDH "]�x²³="]´pµ¶c=·H2f¸

=¹AB"]�HIP[4]:D5)º»¼½�H¾GaN

¿À�_6D,xÁÂ,ÃÄ�597�DHtux:

pyruvate decarboxylase (PDC)NOP�X�p�)�¢Å

�XmÆÇ¯,¤¥-:dÈ9�¢Å�XmÆÇ)

acetaldehyde dehydrogenase (AlDH)NO6�¦a CoAÉ

ÊNOP�¢£X CoA¯,¤¥q6ªzjk)ËÌ-

9(s 3)7mW´ÍW�ÎÏ=ÐÑ:"S=Ò?ÓN�

AlDH=ÔlEÕÖ�5:D=/× Thermus thermophilus 

HB8 ZØ=ÙAB(TtAlDH)EÚÛ=Ü@)Ýq6D,

EÕÖ�59[5]7PDC NÞ.�xÒ?ÓZØAB=ß

àxáâã45$�ä92==:·å@æ�ÓHI6

Acetobacter pasteurianusZØ= PDC (ApPDC)= 60çN

�ã6èéêE 2 ëìíî,ïðañ59>?@)ò

q,=ßàNó.[6]:TtAlDH:ApPDC=�5ô5)¿

À�_9¸õÓö]÷)C.�]yjk)��-97

ApPDC=?øù@)úû-:üAB=fg§¨åîO

P2ýþÿ. 50oCH=§¨)�!-9ÐÑ:Àl8H

N 2.0 mM=�X�p��4 1.2 mM=�¢£XCoA)

36D,Ny�-�.67 

 

"#! 1234567+89.:;+<=!

TtAlDHx"AB,-� NAD+)*+,q67D=9
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